Dietary indices have been related to risk for type 2 diabetes (T2D) predominantly in white populations. The present study evaluated this association in the ethnically diverse Multiethnic Cohort and examined four diet quality indices in relation to T2D risk, homoeostatic model assessment-estimated insulin resistance (HOMA-IR) and biomarkers of dyslipidaemia, inflammation and adipokines. The T2D analysis included 166 550 white, African American, Native Hawaiian, Japanese American and Latino participants (9200 incident T2D cases). Dietary intake was assessed at baseline using a quantitative FFQ and T2D status was based on three self-reports and confirmed by administrative data. Biomarkers were assessed about 10 years later in a biomarker subcohort (n 10 060). Sex-and ethnicity-specific hazard ratios were calculated for the Healthy Eating Index-2010 (HEI-2010), the alternative HEI-2010 (AHEI-2010), the alternate Mediterranean diet score (aMED) and the Dietary Approaches to Stop Hypertension (DASH). Multivariable-adjusted means of biomarkers were compared across dietary index tertiles in the biomarker subcohort. The AHEI-2010, aMED (in men only) and DASH scores were related to a 10-20 % lower T2D risk, with the strongest associations in whites and the direction of the relationships mostly consistent across ethnic groups. Higher scores on the four indices were related to lower HOMA-IR, TAG and C-reactive protein concentrations, not related to leptin, and the DASH score was directly associated with adiponectin. The AHEI-2010 and DASH were directly related to HDL-cholesterol in women. Potential underlying biological mechanisms linking diet quality and T2D risk are an improved lipid profile and reduced systemic inflammation and, with regards to DASH alone, an improved adiponectin profile.
incident T2D to African Americans and Latinos and to the California part of the MEC. In addition, we examine, in a subset of 10 060 cohort participants with biomarker data, the association of the four dietary indices with five T2D-related (5, 6) biomarkers reflecting different metabolic pathways including adipokines with probable influence on insulin sensitivity (adiponectin) and insulin secretion (leptin) (11) , dyslipidaemia (HDL-cholesterol, TAG) and inflammation (C-reactive protein (CRP)), as well as with homoeostatic model assessmentestimated insulin resistance (HOMA-IR) whose high values reflect a pre-diabetic stage.
Methods

Study population
The MEC recruited participants from five ethnic groups (African Americans, Japanese Americans, Latinos, Native Hawaiians, whites) living in Hawaii or California (primarily in Los Angeles) during 1993-1996 (12) . More than 215 000 men and women aged 45-75 years at recruitment returned a mailed self-administered survey consisting of a quantitative FFQ (QFFQ) and items on demographics, medical conditions, anthropometric measures and lifestyle factors (12) . The institutional review boards at the University of Southern California and the University of Hawaii approved the study protocol. Regular linkages with state death certificate files in Hawaii and California and the National Death index have been performed to update vital status.
Dietary indices
Using data from the validated QFFQ that included ethnicityspecific foods and a large database of local recipes (13, 14) , four a priori-defined and selected dietary indices were calculated within the MEC as described in detail previously (15) . The HEI-2010 gives higher scores for better adherence to federal dietary guidelines (16) and updates the components used in the development of HEI-2005 (17) with modifications to components measuring the intake of seafood and plant protein, vegetables and beans, refined grains as well as the ratio of PUFA and MUFA:SFA (16) . All twelve components except the fatty-acid ratio were calculated as per 4184 kJ (1000 kcal), and points of 5, 10 or 20 were assigned to optimal intakes. The eleven components of the AHEI-2010 take into account foods and nutrients that have been consistently related to a lower risk for chronic diseases in the scientific literature as reviewed since the establishment of the first AHEI (18) . Red and processed meat, sugar-sweetened beverages (SSB) and Na are reverse-coded such that lower intakes provide the maximum points. The aMED includes nine components with MEC-specific medians as cut-off points and builds on previous versions of the Mediterranean diet (19, 20) . The DASH index, as outlined by Fung et al. (21) , includes eight components that are relevant in a diet used for hypertension management (21) . For the DASH index, scoring is based on intake quintiles created within the entire MEC data set; participants in the lowest quintile received 1 point and individuals in quintile five received 5 points. Red and processed meat, SSB and Na were reverse-coded.
Case ascertainment
Self-reported T2D status was obtained from three questionnaires that included the question 'Has your doctor ever told you that you had diabetes?' administered at cohort entry in 1993-1996, in a short follow-up survey in 1999-2002 and in a full questionnaire in 2003-2007. In addition, three sources of administrative data were available: Medicare claims on 114 309 cohort members who were fee-for-service beneficiaries (22) , a 2007 linkage with diabetes care registries of the two major health insurance plans in Hawaii (23) and hospital discharge diagnosis data in California (24) . MEC members who selfreported T2D in any questionnaire after cohort entry and those who were confirmed as cases by one of the administrative data sources were defined as incident cases; an estimated year of T2D discovery was assigned based on the first report of a diagnosis. Although not perfect, self-reports of T2D have been found to be quite accurate (80-98 %) in several large prospective cohorts and in a Mayo patient study (25) (26) (27) (28) . Nevertheless, 2258 participants with self-reported T2D who were not part of any administrative data were considered non-cases in our analysis to avoid misclassification and to maximise specificity of the T2D definition. When we tested different models (data not shown), the approach of using a concordant definition resulted in the best prediction models; not only was the small proportion of false positives excluded but also self-reported cases confirmed by administrative data probably represent more serious disease.
Biomarker assays
In 2001-2006, a MEC biospecimen subcohort of 68 740 cohort members (49·7 % of eligible) was established. Blood samples from controls in three different case-control studies were assessed for biomarkers (n 12 578). Adiponectin and leptin concentrations from plasma were measured using ELISA kits (Cat No. DRP300; R&D Systems, Inc.). Insulin concentration in serum was measured using an ELISA kit (Cat No. EZHI-14K; EMD Millipore). All ELISA protocols were in accordance with the manufacturer's instructions. A Cobas Mira Plus chemistry autoanalyser (Roche Diagnostics) was used to measure serum concentrations of glucose (Randox), CRP, total cholesterol, HDL-cholesterol and TAG (Pointe Scientific, Inc.) as per the manufacturer's instructions. HOMA-IR was calculated as (fasted insulin (mU/l) × fasted glucose (mg/dl))/405.
Statistical analysis
Of 215 831 participants with information on T2D status, 49 281 participants were excluded, with some overlap: all participants who reported T2D at cohort entry (n 28 153), members of other ethnicity (n 13 994) and individuals with missing values for essential covariates (n 11 987). The analysis of dietary indices with diabetes incidence, therefore, included 74 693 men and 91 857 women. For the biomarker subcohort, the same exclusion criteria were applied and, additionally, prevalent T2D cases at blood draw (n 2117) and participants with missing biomarker information (n 90) were excluded resulting in a sample size of 4661 men and 5399 women.
Dietary indices, biomarkers and diabetes
All analyses were conducted using SAS version 9.4 (SAS Institute, Inc.).
Cox proportional hazards regression, using follow-up time as the underlying time metric and stratified by continuous age at cohort entry (PROC PHREG procedure in SAS), was applied to estimate hazard ratios (HR) and 95 % CI using the sex-specific tertiles (T1-T3) of the dietary index scores. The Cox proportional hazard assumption was verified by plotting Schoenfeld residuals. Follow-up time was calculated as the time between cohort entry and T2D discovery for participants with selfreports confirmed by administrative data (using date of selfreport or claim, whichever came first), date of death or last date of study (12/31/2010 ). The models were adjusted for known T2D risk factors, including ethnicity (whites as the reference), moderate/vigorous physical activity (<30 and ≥30 min/d), smoking (current, past and never smoker), years of education (<12, 12, 13-15 and ≥16 years), total energy intake (kJ/d (kcal/d)) and BMI calculated from self-reported height and weight.
We used the log transformations for TAG, CRP, leptin, HOMA-IR and adiponectin to normalise the right-skewed distributions.
For the biomarker analysis, general linear models (PROC GLM in SAS) were applied to compare geometric means of the five biomarkers and of HOMA-IR, by sex-specific tertiles of dietary indices. The models were adjusted for the same covariates as in the Cox regression. A possible dose-response relation was assessed using trend tests with the tertile medians as continuous variables. Statistical inference was based on ANOVA type-III F tests. The number of incident T2D cases within the biomarker subcohort was too small for analysis, including for a formal mediation analysis.
Results
The 74 693 men and 91 857 women in the analytical cohort had very similar characteristics to the full MEC cohort before exclusions ( Table 1 ). The overall risk for T2D in men and women combining the five ethnic groups is lower by 7-20 % across the four indices when extreme tertiles are compared ( Fig. 1 ). The association with T2D is statistically significant for DASH and AHEI-2010 in men and women, and the aMED only in men, but NS for the HEI-2010 index in either sex group. The association appears strongest for the DASH, with HR of 0·81 (95 % CI 0·75, 0·88) in men and 0·80 (95 % CI 0·73, 0·86) in women. In ethnicity-specific analyses, the direction of the relations is mostly consistent across ethnic groups with a few exceptions (e.g. HEI-2010 and aMED in Native Hawaiian and Japanese American women). However, the associations are significant for the DASH index in white and Latino men and white and Japanese American women, for the AHEI-2010 in white women and African American men, for the aMED in Japanese American men and for the HEI-2010 in white women.
The biomarker subcohort includes 4661 men and 5399 women (Table 1) , which is 6 % of the cohort members included in the diet-T2D analysis. The mean time between cohort entry and blood draw was 9·5 (SD 2·2) years. By design, the ethnic distribution differs greatly: the proportion of whites and Japanese Americans is smaller, whereas the percentage of Native Hawaiians and Latinos is greater than that in the full cohort. The biomarker subcohort also has fewer current smokers but is relatively similar in age, BMI, education and lifestyle factors to the full cohort. Compared with men, women have higher median HEI-2010, AHEI-2010 and DASH scores, 53 % higher adiponectin, 50 % higher CRP, 23 % higher HDLcholesterol and >3 times higher median leptin concentrations. In the subcohort, lower HOMA-IR values for higher diet scores across all indices are seen (Table 2) ; however, the associations did not reach significance for the HEI-2010 and aMED in women and for AHEI-2010 in men.
Only the DASH index (Fig. 2) shows a statistically significant trend for higher adiponectin concentrations, consistent in men (T1: 5·2 µg/ml (95 % CI 5·1, 5·4), T2: 5·5 µg/ml (95 % CI 5·3, 5·7), T3: 5·6 µg/ml (95 % CI 5·4, 5·7)) and women (T1: 8·0 µg/ml (95 % CI 7·8, 8·2), T2: 8·3 µg/ml (95 % CI 8·0, 8·5), T3: 8·4 µg/ml (95 % CI 8·1, 8·6)). None of the four dietary index scores was associated with leptin. HDL-cholesterol means show statistically significant positive trends in women, but not men, for increasing AHEI-2010 and DASH scores (AHEI-2010: T1: 1·29 (95 % CI 1·27, 1·31) mmol/l, T2: 1·31 (95 % CI 1·29, 1·33) mmol/l, T3: 1·32 (95 % CI 1·30, 1·34) mmol/l, DASH: T1: 1·29 (95 % CI 1·27, 1·31) mmol/l, T2: 1·31 (95 % CI 1·29, 1·33) mmol/l, T3: 1·33 (95 % CI 1·31, 1·35) mmol/l).
All four index scores show significant inverse trends with TAG in both men and women. For CRP, all four index scores indicate inverse trends in both sexes, and except for two of the index scores in women (HEI-2010 and AHEI-2010), all were statistically significant. The differences between extreme tertiles of CRP range between 12 and 18 % in men, and between 4 and 8 % in women. All biomarker means were adjusted for anthropometric and demographic covariates and total energy intake.
Discussion
In the current prospective analyses among five ethnic groups in the MEC, diet quality, as assessed by four a priori indices, was associated with T2D risk in the diabetes cohort and with lower values of HOMA-IR (a marker for insulin resistance, a prediabetic stage) measured, on average, 10 years after dietary assessment at cohort entry in the biomarker subcohort. The inverse associations with T2D were stronger for whites than for African Americans, Japanese Americans, Latinos and Native Hawaiians. As one of the first prospective analyses relating a priori dietary indices to diabetes-related markers, the findings that CRP and TAG concentrations were lower in participants with higher diet quality (as measured by all four indices), and that adiponectin concentration was higher in participants with higher dietary index scores (as measured by the DASH index in particular), suggest possible pathways by which high-quality diets may translate to lower T2D risk.
The statistically significant inverse association between all dietary index scores (except AHEI-2010) and HOMA-IR values in men and between AHEI-2010, DASH and HOMA-IR values among women adds to the scarce literature on diet quality and HOMA-IR (29) . A recent meta-analysis of dietary trials, however, reported no significant effect of the DASH diet on HOMA-IR compared with the control diet, although the diet lowered fasting insulin when prescribed for more than 16 weeks (30) .
Higher adherence to AHEI-2010, aMED (in men only) and DASH scores was related to a 10-20 % significant lower T2D risk in the present analysis. Regarding ethnicity-specific findings, white men and women, Japanese American women and Latino men exhibited significant inverse associations between the DASH index score and T2D risk for the highest v. the lowest tertile. Other studies reported mixed findings: for example, the Women's Health Initiative (WHI), with participants being older at cohort entry than MEC women, observed an inverse association between the DASH index and T2D risk in white, African American, Hispanic and Asian women, although it did not reach statistical significance in the small group of Asians when comparing extreme quintiles (31) . The Insulin Resistance Atherosclerosis Study reported an inverse association between the DASH index and T2D risk only in whites and not in African Americans or Hispanics, but the latter two groups were smaller than those in our study (32) . Several reports with whites also showed null associations (33, 34) .
The inverse association between the AHEI-2010 and T2D risk in white women in the present study was similar to findings in the WHI (31) and in the Nurses' Health Study (NHS) (35) ; however, contrary to our findings, significant associations in African Americans and Hispanics, though not in Asians, were observed in the WHI. The AHEI-2010 score was associated with a 20 % reduction in T2D risk among white women in the present study, 
9-40 9-39 9-39 9-39 11-38 10-37 Age at cohort entry (years) but among white men, the null result observed in our study is in contrast to an inverse association found in another study in white men (36) . Other studies combining white men and women found no association of AHEI with T2D risk (33, 34) . A previous study reported an inverse association between the aMED score and T2D for white, African American and Hispanic women (31) , which could not be replicated in the current study. Our findings disagree with an inverse association between HEI-2010 and T2D in African American women in the WHI (31) , but agree with null results for the HEI-2005 score with T2D risk in men (36) . Different index versions used in other cohortsfor example, the HEI-2005 in the Health Professionals Follow-Up Study (36) and the DASH eating plan in the InterAct study (33) as opposed to the HEI-2010 and the DASH index (21) in the current study, may be responsible for discrepant results, as may be the diverse ethnic composition of study populations or different FFQs used in different cohorts. Also, as the DASH index relies on study-specific medians for food components, DASH scores from different studies are incomparable by definition.
Ethnic differences in the strength of associations between diet quality and T2D may be due to underlying biologic differences in the metabolism of glucose and/or insulin (37) or to different consumption patterns of foods that may result in different nutrient composition. For example, the major source of vegetables in the MEC were tomato or vegetable soup among Latino men, starchy vegetables among African Americans and cabbage and stir fries among Japanese Americans (38) . When analysed for micronutrients, ethnic variation was seen primarily for foods contributing to vitamin A and E intake (38) . Also, the dietary indices were originally tested among persons of Caucasian and African American (for DASH) heritage and may not represent foods consumed by Japanese Americans, Native Hawaiians and Latinos. Small differences in results between the previous analysis within the Hawaii part of the MEC (10) and the present study may be due to an updated T2D definition and a different sample size. In the previous report (10) , only information from health plans in Hawaii, but not hospital discharge data from California and Medicare data for both locations, was available.
In the search for possible underlying pathways between diet and T2D, we detected inverse associations of all four dietary indices with CRP and TAG, although these were not statistically significant in all subgroups. Only AHEI-2010 and DASH were significantly associated with higher HDL-cholesterol in women. A few other studies investigated the association of Mediterranean diet scores with adiponectin, and one intervention study and one out of two cross-sectional studies found positive relations (4) . A systematic review reported inverse associations between Mediterranean diet scores and CRP and other inflammation markers (three intervention studies and five out of seven cross-sectional studies), whereas three out of six cross-sectional studies found a weak inverse association between the HEI and CRP (4) . Only the HEI-2010 and the DASH index take into account dairy products. As the DASH index focuses on low-fat dairy products, which had a stronger inverse association with T2D than total dairy intake (39) and also a relation with adiponectin in previous studies (40) , this may explain that DASH was the only index positively associated with adiponectin. In addition, only the AHEI-2010 and DASH index take into account SSB consumption, which was related to higher TAG and lower HDLcholesterol (41) . Higher AHEI scores were also related to higher adiponectin and lower CRP in the NHS (42) , whereas in the current study, a significant association of AHEI-2010 with CRP but not with adiponectin was detected. This may be possibly due to differences between the NHS and our cohort with regard to index versions, use of repeated v. one QFFQ, and ethnic composition, as adiponectin and other biomarker levels differed across ethnic groups in the MEC (43) .
Strengths of the current analysis include the prospective design, in particular, the availability of biomarkers and HOMA-IR on an average of 10 years after dietary assessment at cohort entry as well as a large number of incident cases of T2D identified over many years with very strict diagnostic criteria: that is, self-reports and confirmation by administrative data. As for T2D status, we emphasised specificity in disease classification to avoid misclassification of healthy individuals as cases although a T2D diagnosis may have been missed for a small proportion of cohort members and for self-reported cases not confirmed by administrative data. The QFFQ was designed for the relevant ethnic groups who vary widely in dietary habits and was validated using 24-h recalls (13) . The one-time dietary assessment by self-reported QFFQ was a limitation, which may have led to imprecise estimates of long-term dietary exposure. As a further limitation of this study, the relatively small size of the biomarker subcohort with an ethnic distribution unlike the full cohort, did not allow for a formal mediation analysis. The inclusion of 5 major ethnic groups residing in the United States who completed the same questionnaires and followed the same biomarker protocol is a unique contribution to the field because it allows direct comparison across ethnic groups. However, the results from ethnic groups in Hawaii and California may not be transportable to Hispanics, African and Asian Americans living elsewhere with different nutritional exposures and cultural conditions.
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